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Abstract

Chromatin immunoprecipitation (ChIP) has been developed for studying protein-DNA interactions and
has been extensively used for mapping the localization of posttranslationally modified histones, histone
variants, transcription factors, or chromatin modifying enzymes at a given locus or on a genome-wide
scale. ChIP methods have been modified and improved over the years to fit a variety of different cell types
and tissues. Here, we present a detailed protocol for hippocampal ChIP, of both minced tissue and enzyme-
separated hippocampal cells. This protocol enables to study chromatin—protein interactions in a specified
population of hippocampal cells, allowing to study chromatin regulation in the central nervous system in
a variety of conditions and disorders. Our assay has been developed for histone modifications but is suited
for any chromatin binding protein for which specific ChIP-grade antibodies are available.
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1. Introduction

The eukaryotic genome is packaged as a highly compacted DNA-
protein complex termed chromatin that forms primarily during DNA
replication. The newly synthesized DNA is wrapped around a histone
octamer particle, composed of two copies each of the core histones
H2A, H2B, H3, and H4, which together with the DNA, form the
core subunit of chromatin — the nucleosome. Two adjacent nucleo
somes are connected through linker DNA, which is usually bound
by the linker histone H1. Dynamic changes in chromatin structure,
which are mainly manifested through chromatin modifications, mark
an important contribution to the regulation of gene expression
in dividing as well as nondividing cells, such as neurons (1-3).
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In particular, acetylation,/ deacetylation and methylation,/! demethylation
of specific lysine residues on nucleosomal histone proteins, as well
as methylation/demethylation of cytosines in the DNA, are ways
by which chromatin structure can influence ongoing transcription.
Such chromatin-related changes may lead, in turn, to altered synaptic
plasticity. Studying the interactions of nuclear proteins with DNA
has been immensely improved by the advent of chromatin immu-
noprecipitation (ChIP) (4-6). ChIP provides a reliable method to
monitor the presence of proteins and protein modifications
(especially histones) on chromatin. ChIP coupled with real-time
PCR (qPCR) has become the gold standard to determine chromatin—
protein interactions (7) and has been continuously improved and
modified to fit a variety of different cell types and tissues (8-12).
In recent years, the combination of ChIP with DNA microarrays
(ChIP-chip) or high-throughput sequencing (ChIP-Seq) technologies
has enabled the profiling of histone modifications, histone variants,
and transcription factor occupancy on a genome-wide scale (13).
Here, we provide a refined ChIP protocol for hippocampal tissue
and a modified version for hippocampal cells, which can be used
as template for real-time PCR, tiling arrays, or high-throughput
sequencing.

Hippocampal ChIP involves the surgical dissection and mincing
of the hippocampus. ChIP can be performed on the entire hippocam-
pus, on specific hippocampal cell types (i.e., neurons, cholinergic
neurons, etc.) after FACS sorting, and also on cultured hippocam-
pal neurons following single cell separation of the tissue (Fig. 1).
In all cases, chromatin is purified and cross-linked. The isolated
chromatin is then reduced to smaller fragments by sonication,
and chromatin fragments in the form of protein-DNA complexes
are precipitated using specific antibodies. The precipitated DNA is
purified and can be used as a template for real-time PCR (ChIP),
microarrays (ChIP-chip) or deep sequencing (ChIP-seq).

2. Materials

2.1. Chemicals

1. 36.5% Formaldchyde: Molecular biology grade formaldehyde
solution is used. Dilute with PBS to make it 1% (add 270 pl of
formaldehyde to 10 ml PBS). Formaldehyde is hazardous and
should be handled inside a chemical hood.

2. Glycine: 2.5 M glycine stock is prepared by dissolving 18.76 &
of tissue culture grade glycine in 100 ml of deionized water
Dilute in 10 ml of deionized water by adding 500 pl of25 M
glycine to make a final concentration of 0.125 M.

3. Protein A/G Agarose beads: Use protein A Agarose beads
or magnetic beads, which can reduce some background anc
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Fig. 1. A flowchart of the three ChIP protocols on hippocampal cells and tissue.

loss of sample. For magnetic beads, use Dynabeads Protein
G (Invitrogen) for rabbit polyclonal primary antibodies and
Dynabeads M-280 anti-Mouse IgG for mouse monoclonal
antibodies. :

4. If using magnetic beads, use DynaMag-2 magnet (Invitrogen).
. Dounce homogenizer (Kontes): Use pestle B for hippocampal
tissue.

. PBS (phosphate buffered saline): Dissolve 137 mM NaCl,
2.7 mM KCl, 10 mM sodium phosphate dibasic, 2 mM potas-
sium phosphate monobasic in 1 | of deionized water to make it
1x PBS and adjust pH to 7.4 with HCI or NaOH.

_ PMSF: 200 mM PMSEF stock is prepared by dissolving 0.348 g
of PMSE in 10 ml of absolute ethanol or methanol. Aliquot






